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tested in Phase II was modified for the MIG
process. Modifications were made to position

the MIG gun on the unit, provide varisble dwell
and to incorporate #m adjustment to changs the
angle of rotation. Acceptadle oscillating weld
passes with good side wall fusion were made.

Weld bead widths ranging from 1/% to 1-1/2 inches
were obtained with the modified ocscillater on
2.and 2-1/2 inch thick aluainmum plate. The
Phase III results indicated that it is feasidble to
out-of-position weld with the oscillating MIG process.
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The sisze of future space launch vehicles may require on-site fablrice~
tion with a need for welding alumimm plate (thicknesses 1/4" or grester)
in the vertical position. It is expected that welding may have to be
sccospplished on joints 150 feet long. Manual multi-pass welds can de
made in the vertical position; however, this operstion would be time
consuning since the weldor cannot make long weld passes without freguent
staxrting and stopping. Another factor to consider when making mamual
welds on large structures is the possibility of weld gquality variation
due to operator fatigue and judgement. An sutcmatic welding machine
should be develcped vhich will have a high degree of fimcticnal and
repetitive reliability, mininize operator decision and surveillance, and |
be a relatively low cost flexible umit.

In the Phase I portion of the RASA Contract RASS8-2601, "Determinstiom
of TIG Welding Control Parsmeters and Requirements for the Automstion of
Out-of-Position Welding," TIG welding equipment was designed, developed,
and built for Joining alumimm plate material in the vutiea.l position.
Motion pictures were taken of a manual welding operstion to study snd
observe the technique employed by the weldor. The weave bead techmigue
used by the weldor was incorporated in the design of two oscillators.

The first design (cross seax oscillator) provided a straight transverse
oscillating motion. The second design (radius oscillator) changed the
direction of the arc as i1t gpproached the joint side wall. The arc was
directed at the side wall at an angle of 45 degrees. Both oscillators mede
satisfactory vertical multi-pass automatic welds in three 5456 alumimm
plate thicknesses (3/8", 1/2" and 3/4") with erplitudes ranging from

3/16" to T/16™. Good side wall fusiocn was cbtained with both oscillstors.
The Phase I investigation is reported in Reference (a).

In the Phase II portion of the contract a third oscillator was designed,
built and tested. This oscillator provided a cross seam motion, an angular
change in the position of the arc, and an adjustment to vary the bead width
during the welding operation. The bead width could be varied from 3/8 to
1-1/2" with this oscillator. Acceptable weld passes were mede in alumimm
Plate thicknesses ranging from 3/4 to 2-1/2 inch. The Phase IT investige~
tion is reported in Reference (b).

In Phase IIT a TIG oscillating unit was to be designed, duilt and
Aalivered tn the George C. Marshall Flight Svace Center. However, the
NASA technical representative requested that this Phase be revised to
conduct a MIG feasibility investigation. A supplemental agreement to
cover this program redirection was implemented (Reference (c)). Presented
in this report is the development work conducted far this feasibility
investigation.

Yogn 1
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h 1. CBJECTIVE

The cbjective of the Phase III portion of this program was to
investigate the feasibility of applying the oscillating TIG welding
techniques and equipment developed in Phase II to the MIG process.

- The following aluminum materials were used in the Fhase III
investigation:

Nominal Chemical Composition

- __ Percent .
Material Tnk. | M Mg JCr | 51 ] Fe] Cu] In | T4 |
6061S-76 . 2-1/2"f .15)1.0 |.25] .6 | .7| .28] .25] .14
200h 2" 8} .5 .0} .8 |1.0]ub] .25] .15
k3 S Piller (Din.) | 2/26" | .05 | .05 s.es| .8] 3] .a].2

3. EQUIPMENT

3.1 An Airco direct current, 500 amp, constant potentisl power supply
and a Westinghouse Dynamic Reactor were used to weld the test panels. A
Honeywell Visicorder was used to record amperage and voltage outputs and
torch oseillation. A potentiometer was used to record preheat and inter-
pass. temperatures (Figure 1).

3.2 The fol.lowing mod.:lﬁeations vere made on the Phase II TIG weld
oscillator (Figure 2).

3.2.1 The TIG torch holder was removed and replaced with mounts that held
the Airco Model AH35A MIG gun in the vertical and horizontal positions, The
horizontal mount shown in Figure 3 provided the best position for the gun.
In this position the gun was held rigid in the oscillator mount. The lines
were attached to a swivel two and one-half feet from the gun which rednnd
the drag effect of the leads on the oxcillating motiom.

3.2.2 The second modification vas made to provide dwell of the MIG gun at
the joint side walls. The gun dwell time is developed by an oxcillating pim
which moves in a slotted hole (Figure 3). Dwell time can be varied by
changing: The distance through which the pin travels; the oscillation
amplitude and speed; and/or the travel speed.
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3.2.2' A third modification wvas made which permits adjustment of the gum ;
position with respect to the center of rotation of the oscillator |
(Figure 3). This modification was required to give greater freedom in F
selecting oscillation amplitudes and included angles of rotation, since

dwell time alone was not sufficient to obtain satisfactory side wall fusiom.

k., PROCEDURE

k.1 All of the Joints were vire wheel brushed and wiped clean with acetone
prior to the welding cperation. The welding varisbles, materials, thick-
nesses and joint preparations are reported for the test panels in Tables

I to IV. The test panels were welded with the equipment shown in Figure 1.

5. RESULTS AWD DISCUSSION

5.1 The TIG oscillation unit (Figure 2) was modified to accept the )MIG
velding gun. The TIG torch mount and wire feed unit were removed and
replaced with a clamp vhich positioned the MIG gun on the unit (Figure &).
The oscillation motion was erratic with the gun in this position. The gun
was then mounted in the positions shown in Figures 5 and 6. These improved
oscillaticn motious. The optimmn performance was obtained with the gum
position shown in Figure 3.

2:2 The TIG oscillation motion was not satisfactory for the MIG gun.
Convexed shaped weld beads were made in the groove with the equipment

shown in Figure 4. This ghape was not desirsble since a notch is produced
vhere the weld bead edge intersects the joint side walls. Two modificstions
vere made which eliminated the corvex bead shape. The first modificatiom
provided dwell at the joint sidewalls as the MIG gun oscillated across the
Joint. The second modification provided an adjustment to change the eemter
of rotation vith reference to the gun. The ability to change the point

of rotation and therefore the angle of arc impingement, greatly improved
the ability to obtain side wall fusion. A wider range of oscillatioa
amplitudes were also made available by changing the point of rotation.
Typica% weld passes made with the modified oscillator are shown in Figures
T and 8.

5.3 Oscillating the MIG gun in relatively narrow groove vidths (1/% to
17% inch) caused arc-out as the consummable electrode approached the side
wall when welding was accomplished between 26 to 28 volts. The are out
occurs at the copper guide tube when the gap between it and the Jjoint

side wali is less than The gap veiveen Tne eiecirode and groove. Hedueing
the voltage range fram 26~28 to 21-23 eliminated the arc out problem in
the narrow groove (Table I), however, at the lower voltage range a globular

type arc wvas obtained and the resultant weld had exeessin porosity.
Increasing the groove Jjoint included increases i the distance between r
the guide tube and joint side wall. schangein.jointdeugn(&emc

II) eliminated arc out. The joinmt design shown in Table II was welded with
a spray type arc (26 to 28) and improved weld quality was cbtained. Good
siuml)mmnustmmauthmmtmm(m
Figure 9).
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z.j MIG weld pesses made in 2-1/2" thick alumimm plate without prebest,
were not acceptable.

p 2] T™he use of a 300 F preheat and inter-pass texperature resulted ia
satisfactory weld passes.

6. CONCLUSIONS

6.1 Results of this investigation indicate that it is feasible to weld
vertical up with the oscillating MIG process.

6.2 MIG welding should de sccomplished st a voltage range between 26 to 26.

6.3 Prebeat and inter-pess temperatures should be maintained at approximately
BOOthenHIGveldi.lxhbeinglcemlishqdmztozol/zmm '
almimm plate. ' ’

T. REFERENCES
() Phese Y Report RA-62-864, "Determinstion of TIG Welding Comtxol
Parameters and Requirements for the Automation of Out-of-Position
Welding® Contract No. NASB-2601.
(b) Phase II Report NA-62-86li-1, "Determination of TIG Welding Comtrol
Parameters and Requirements for the Automation of Out-of-Positiom
Welding" Contract No. NASB-2601.

(c) Supplemental Agreement No. 1 to NASA Countract NAS8-2601.
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TARLE I
DATA SHEET O. 1
AUTOMATIC MIG WELDING VARIAELES
PANEL MO, 8724
6061 Al MATERIAL
FILLER .063" DIA. b3S
CURRENT DC-SP
TORCH GAS FLOW 150 Cfh HELIUM
1 ]
Thermocouple Iocation'———\ ‘. ié ..’
1/8" tass] }» 1
21/2°
5" R/ | B
32
WELD PASSES
VARIABLES [TT1213 ¢ 5 | 6 718 {9 ho M1
Travel Speed I.P.M. 12 |12 |{6.5] 6.5 |6.5]| 6.5 |6.5]6.5]| 4.5|k.5]6.5
Wire Feed I.P.M. 241 | 245 | 2u5 | 257 25T 1 257 (25T |25T | 235 235] 235
Amperage -= 210 {235 [ 235 2351 235 2351235 ] 1901901190 |
Voltage - |21.5|21.5|21.5 |21.5| 22 |23 |23 | 23 {23 |23
Oscillation Amplitude | Fo |No [1/4"|11/32" 3/8"|13/16 e |oc | o= |o= | ==
Oscillation Freq. (CPM)| No |No [19 |22 by |kh 36 {36 | 81 181 |W
Prebeat 320F| 320F| 320F| 320F | 320F| 320F | 320F| 320F ruiaaaf

# Thermocouple was located at the weld stop end of the 18 inch long test panel.

Fage §
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TABLE II
DATA SHEET NO. 2
AUTOMATIC MIG WELDING VARIABLES

PANEL NO. 8725
6061 A1 MATERIAL
FILLER .063" DIA. U438
: CURRENT DC-SP
TORCH GAS FIOW 150 Cfh HELIUM

1/8 m._.l | T
.
= 1/8" » 2 e

Thermocouple Locati

A— s0r =\

SIDE "A" WELD PASSES

VARTABLES 1 ]2 [3 [k [s 6 17 8 |9 J1i0

Travel Speed I.P.M. 12 12 9.5 19.5 6.5 6.5 6.5 (6.5 .5
Lo}
Wire Feed I.P.M, ® ok |oh |08 208 |212 high  [aoh lagh hok
Amperage § 220 [210 {200 200 {200 170 1180 |180 [200
Voltage ,g 26 27 26 27 27 | 27 27 | 27 | 28
Oscillation Amplitude | 3 5/16" |7/16"| 9/16"| 11/16"| 3/4" |29/32"| 7/8"| 1" [-1/8"
Oscillation Freq. (CPM) 53 {53 {51 (&1 Lo [ko k1 | ko |37
Preheat 300F] 300F |300F | 300F | 300F | 300F |300F | 300F | 300F [300F
SIDE "B _WELD PASSES

| VARTABLES 11 2 3 l 5 6 7 8 9 10 11
Tll'awfr,ei Speed |12 12 | 9.5 {9.5 {9.5 }9.5 6.5 4.5 4,5 6.5 4.5
Wire Feed 248 | 248 | 202 | 208 |208 [208 | 212 |19k 175|175 194
I.P.M.
Amperage 230 | 230 | 180 [190 |210 |210 | 200 | 190 170 |165 180
Voltage 27| o1 | 28 | 271 [ 2B 28 271 27 28 27 27
gsrgiﬁz'gion 5/16" 7/16" 9/16" 5/ " 5/ " 11/16' 7/8" 1.1/1 " l‘l/ " 1-11/32u 1’5/16
gigzllaé% 51 | U7 B |k |51 | 51 |36 | 36 b 51 51
Prcheat F_| 300F| 300F | 300F| 300F| 300F [300F | 300F | 300F | 300F 300F

* Thermocouple was located at the weld stop end of the 18 inch long test panel.

Page 9
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. TARLE IIX
DATA SHEET WO. 3
AUTOMATIC MIG WELDING VARIABLES
PANEL NO. 5214k
6061 ALUMINUM
FILLER .063" DIA. b3S
DC-SP
| TORCH GAS FLOW 150 Cfh HELIIM
Thermocouple I.ocat:l@ \\-— 60 —'7/
/8 12.-%| | T
-_1— 21/hﬂ
1/8" Rad. ~—1/6" land
. SIDE "A"vmm -
® vaRARES |3 T2 [3 [+ 15 |6 |71 |8 ]9 (wjn
T’i‘;‘is”“ s2.5h7.5]12 9.5 |9.5 | 9.5 | 9.5 |6-5|6-5(9-5 |5
‘ e .Feed
RN 212 |235 | 212 |19 |202 | 202 | 208 | 212 |212 [163 | 163
Auperage 165 195 | 235 |360 (150 | 10 | 200 160 210 |260 1 190
%oltage % Tah | 8[ 22|26 | 2 | 26 [ 2rlerler] 21 |
111ati _
A;;ntud,m %o [/4"7/16m|1/2"|9/16"|11/16" 13/16"fr/8" 1" 1" 2 1/8"
poa. (co) (% |8~ |88 | k2 | W (32| -] %
' [Prenest 300F |300F |300F | 300F| 300F|300F | 300F 300F | 300F | 300F| 300F
SIDE "B" WELD PASSES
VARIABLES 1 [2 |3 b 5 |6 |7 8 9 10
T;f;‘f},f’”“ 17.5h7.5h2.0l 9.5 | 6.5l6.5 b5 |bs 165 1 BS
W :
ire Feed  lous |ohs oeo | 202 | z02fo02 |oo2 |202 | 175 19%
%mxﬁ____lao 250 |225 | 200 | 2001220 {220 200 180 200
Voltage Tl er 126 | 26| 21| 26|27 | 26 27| 21
Asn;utudeon Yo Mo hun|s/167| s/8"|3Mmn|7/8" b 1/2671 3/167|2 3/8"
. Oscillation : .
h'eg;ncm ¥o — | b% | B4 Jub | R 55 ko b0
Prebeat - 300F | 300F |300F | 300F | 300F 300F | 300F |300F 300F 3008
a 14 end of the 10
* Eemoupk 't::tw. at the weld stop Page 10
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T =
p § Y
L
| |_varzanzes B 19 71
T;‘;‘i.sl’”‘{ 65 |6.5| 45 |us
Amperage 165 | 160 {160 1235 i 200 1801185 1195 { 180 200 |
| |[Voltage 2 | 25| 2h | 261 28] 271 29! 29 281 28 28
OSA_,,,Ec 1“1:;1;:: 1/8"| 5/16"| 3/8"|1/2"|5/8"17/8"] 1" 11 1/81 1" |1 5/16"]1 1/27]
Oscillation - :
Fre uenc)::les 5k sh sk | sh| k2| b2 36] 36 |5 Sk 30
CcPM ,
Preheat 300F| 300F_| 300F| 300F] J00F | 300F | 300F | 300F _| 300F| 300F | 300F |

VARIABIES | X 12 | 3 1 &k 15 1 61 71 8 [ 9

Travel QPN-A .

I.P.M, 32e5) 12.3 12.3{12.5] 6.5} 6.5] 6.0 | %57 5.5
Wire Feed )

| I.P.M, il | 235| &7 | a7 | 212 202| 217 27 19%
Amperage 210 | 210} 225 {210 | 220! 200} 210 200l 190 |
Voltage 231 261 o81 o711 28l 261 281  o81 27

Oscillati
| lamsastuge | o {37161 1/m7) 3/8"|3/2") s/8] 778" 1" | 13/
Oscillation . .
l"requex)zcies Bo| - |- - Bl k2| 36| |
Preheat 300F| 300F | 300F] 300F| 300F | 300F | 300F _m_ml_

o
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